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Characterization of S1 satellite DNA confirms the species rank of Rana 
pseudodalmatina, but not for Rana tavasensis
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Abstract. The number of species of brown frogs present in Middle East has been debated for a long time. 
Recently, a detailed analysis of mitochondrial DNA sequences by Veith et al. (2003) indicated the presence of 
two new species: R. tavasensis and R. pseudodalmatina, and that the three Anatolian taxa (R. macrocnemis, 
R. camerani and R. holtzi) belong to a unique species (R. macrocnemis). The S1 satellite family from Palearctic 
brown frogs is the only satellite DNA in which the most common sequence (MCS) and overall variability of 
repetitive units in the genome has been determined. In European brown frogs both features are species-
specific and are the same in all populations of each species including subspecies. All Anatolian brown frog 
taxa, including R. tavasensis, and also frogs from Georgia and Azerbaijan display the same genomic MCS 
and repeat variability of S1a repeat, indicating that they belong to the same species, R. macrocnemis. By 
contrast, all specimens from Iran display a different MCS and variability of S1 satellite repeats, confirming 
that they belong to a different species (R. pseudodalmatina). The S1a repetitive unit (477 bp) from Iranian 
frogs contains the same 8 bp and 9 bp deletions, but not the 1 bp deletion from the S1a repeat of European 
brown frogs (494 bp) found in R. macrocnemis. The MCS of the S1a repeats from R. pseudodalmatina and R. 
macrocnemis differ in 18 positions, but most of these base changes are partial, because the bases present 
in R. macrocnemis are also found in R. pseudodalmatina as minor bases. This and the higher homology of 
the MCS of S1a repeat from R. pseudodalmatina with the corresponding MCS from all European species, 
indicates that the S1a repeat from R. macrocnemis originated by amplification of specific S1a arrays from R. 
pseudodalmatina. Our results suggest that R. macrocnemis originated from R. pseudodalmatina and confirm 
that the MCS and overall variability of repetitive units in the S1 satellite family was determined at the origin 
of each species and has remained unchanged till present.
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Abstract. Molecular phylogenies of extant lizards provide a solid scaffold for palaeontology, but the absence 
of osteological characters hinders a reliable detection of extinct taxa that are exclusively represented by 
fossilized, often fragmentary, bones. In order to reassess the extinct “Lacerta” siculimelitensis Böhme & 
Zammit-Maempel 1982, originally described from the Pleistocene of Sicily and Malta, we scored 59 OTUs 
for 153 cranial and postcranial characters. The matrix includes 34 specimens of 7 extant species of Lacerta 
(all the valid species except L. mostoufii and L. pamphylica), 7 specimens of 3 species of Timon, 5 specimens 
of 3 species of Podarcis, and 8 outgroups. “Lacerta” siculimelitensis was represented by 5 OTUs from 5 
paleontological Pleistocene sites of Sicily, Malta, Gargano Promontory and Sardinia. The specimens were 
studied in the collections of CIPA (Lisbon), MNCN and UAM (Madrid), NHMW (Vienna), PIMUZ (Zurich), 
MGPT-MDHC (Turin), IGP (Rome), DSTF (Florence), and NNHC (Jerusalem). The phylogenetic analysis was 
performed with TNT. Numeric characters were coded with discrete states, and multistate characters were 
treated as ordered. In order to reduce the impact of variability, we applied an extended implied weighting 
approach, which simultaneously reduces the negative influence of missing data. The result allowed to identify 
diagnostic combinations of osteological features for the species of Lacerta, for the two geographically 
separated subclades of Timon, and tentatively for the genus Podarcis. It furthermore showed that the material 
referred to “L.” siculimelitensis actually belongs to the genus Timon, but probably does not represent a 
single species. The material from insular deposits (Malta, Sicily, Sardinia) can be distinguished as a separate 
species within the eastern subclade, forming the new combination Timon siculimelitensis. The material from 
Gargano is found among the specimens referred to T. lepidus, and thus appears to belong to that species.
Riassunto. Le filogenesi molecolari delle lucertole attualmente viventi forniscono una solida impalcatura 
per la paleontologia e quindi per le analisi di taxa estinti ma l’assenza di caratteri osteologici diagnostici 
ostacola l’identificazione di taxa estinti che sono rappresentati esclusivamente da ossa fossilizzate e spesso 
frammentarie. Al fine di rivalutare la validità di “Lacerta” siculimelitensis Böhme & Zammit-Maempel 1982, 
descritta originariamente per il Pleistocene della Sicilia e di Malta, abbiamo codificato 153 caratteri cranici 
e postcranici di 59 unità tassonomiche operative (OTU). La matrice include 34 individui di 7 specie viventi 
di Lacerta (tutte le specie valide eccetto L. mostoufii e L. pamphylica), 7 individui di 3 specie di Timon, 5 
individui di 3 specie di Podarcis, e 8 outgroups. Per “Lacerta” siculimelitensis sono state considerate 5 OTU 
provenienti da 5 siti pleistocenici di Sicilia, Malta, Sardegna e dall’isola fossile del Gargano. Gli individui 
attuali e i resti fossili sono stati studiati nelle collezioni di CIPA (Lisbona), MNCN e UAM (Madrid), NHMW 
(Vienna), PIMUZ (Zurigo), MGPT-MDHC (Torino), IGP (Roma), DSTF (Firenze), and NNHC (Gerusalemme). 
L’analisi filogenetica è stata effettuata con il software TNT. I caratteri numerici sono stati codificati come stati 
discreti e i caratteri multistato sono stati ordinati. Al fine di ridurre l’impatto della variabilità, abbiamo appli-
cato la tecnica chiamata “extended implied weighting”, che riduce simultaneamente l’influenza negativa dei 
dati mancanti. I risultati ottenuti ci hanno consentito di identificare delle combinazioni di caratteri osteologici 
diagnostici per le specie di Lacerta, per i due sottocladi di Timon separati geograficamente, e – tentativa-
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mente – anche per il genere Podarcis. Il materiale riferito a “L.” siculimelitensis appartiene in realtà al genere 
Timon, ma probabilmente non rappresenta una singola specie. Il materiale proveniente dai depositi insulari 
(Malta, Sicilia, Sardegna) può essere distinto come una specie separata del subclade orientale di Timon, e 
si può quindi proporre la nuova combinazione Timon siculimelitensis. Il materiale del Gargano si colloca fra 
gli individui attribuiti a Timon lepidus, e quindi sembra appartenere a quella specie. 
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Phylogeographic analysis of the Italian Slow Worm, Anguis veronensis 
Pollini, 1818, reveals a pattern of refugia within refugia, and helps 
characterize contact zones with the congeneric A. fragilis 
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Abstract. Until recently, two species of slow worm (genus Anguis) were recognized: A. cephallonica and A. 
fragilis. While the first was considered endemic to the Peloponnese and some Ionian islands, the second 
was considered a widespread western Palearctic species. Recent studies redefined the species status of A. 
fragilis and identified at least four main, nearly cryptic, lineages: A. veronensis distributed along the Italian 
peninsula and in south-eastern France; A. graeca restricted to the southern Balkans; A. colchica widely 
distributed from eastern Czech Republic to Russia and from Finland to Romania, Bulgaria, northern Anatolia 
and northern Iran; A. fragilis sensu stricto distributed from central Europe to the northern part of the Iberian 
Peninsula and from the north- western Balkans to Great Britain, Sweden and Norway. The Italian slow worm, 
A. veronensis, is endemic to one of the main glacial refugia for temperate species in the Palearctic, and 
an analysis of its genetic variability in relation to its distribution is thus of considerable interest both from 
biogeographic and evolutionary point of view. As part of a more extensive comparative study on Anguis 
species, we (i) investigated how the genetic diversity of A. veronensis is geographically partitioned, focusing 
on Italy and surrounding regions; (ii) clarified the role played by southern Italy and south-eastern France in 
driving species radiation; (iii) identified contact zones, where parapatric species (A. veronensis/A. fragilis 
s.s.) may either hybridize or just occur in sympatry. By coupling mitochondrial and nuclear DNA sequence 
data, we detected strong geographic structuring across the Italian Peninsula, and contact zones between 
veronensis and fragilis in north-eastern Italy, north-western Balkans, and in the area of the Rhone river valley. 
The detection of admixed genotypes strongly suggests hybridization between these species, although 
similarity due to ancestral polymorphism’s retention cannot be ruled out. 
Riassunto. Fino a poco tempo fa, erano note due specie di orbettino (genere Anguis): A. cephallonica e 
A. fragilis. Mentre la prima era considerata endemica del Peloponneso e di alcune isole del Mar Ionio, la 
seconda era ritenuta diffusa nella restante parte del vasto areale paleartico. Studi recenti hanno ridefinito lo 
status tassonomico di A. fragilis identificando almeno 4 lignaggi principali, per molti aspetti criptici a livello 
morfologico: A. veronensis distribuito nella Penisola Italiana e in Francia sud-orientale; A. graeca con distri-
buzione ristretta ai Balcani meridionali; A. colchica ampiamente diffusa dalla Repubblica Ceca orientale fino 
alla Russia e dalla Finlandia alla Romania, alla Bulgaria, all’Anatolia settentrionale e all’Iran settentrionale; 
A. fragilis sensu stricto distribuito dall’Europa centrale fino alla Penisola Iberica settentrionale e dai Balcani 
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